Sorex minutissimus Zimmermann, 1780 is distributed in a very wide range in Eurasia from Chukotka in the easternmost edge to Norway in the westernmost one (Hutterer 2005; Ohdachi et al. 2010) . In addition, a species similar to S. minutissimus was reported from Alaska and it was nominated as a new species Sorex yukonicus Dokuchaev, 1997 (Dokuchaev 1994 (Dokuchaev , 1997 . However, it was recently suggested based on molecular phylogenetics that S. yukonicus might be a local population of S. minutissimus in Alaska (Hope et al. 2010 ). Thus, including S. yukonicus in S. minutissimus (hereafter, called the "S. minutissimus-S. yukonicus complex"), the range of the shrew species covers in a wide area of the northern parts of the Holarctic region.
Although the shrew of the S. minutissimus-S. yukonicus complex is famous as one of the smallest terrestrial mammal species of the world, its ecological information is scarce . Sorex minutissimus has a wide distributional range but is generally rare in most habitats in Eurasia (Sheftel 1994; Ohdachi et al. 2010) . Therefore, it is a fascinating subject to reveal how they are maintaining population under such sparse density. To infer the mechanism for recruitment of a population, the genetic structure of the population is basic information. In S. minutissimus, Ohdachi (2007 Ohdachi ( , 2008 revealed intraspecific phylogeny among individuals from Hokkaido, Sakhalin, Primorye, and Fennoscandia, based on mitochondrial gene sequences. Further, Ohdachi (2007 Ohdachi ( , 2008 demonstrated that the population in southeastern Finland had greater genetic diversity than that in Hokkaido, although sampling area is almost the same between the two regions. However, Ohdachi (2007 Ohdachi ( , 2008 did not analyse most of the other parts of the range of S. minutissimus.
Recently, Hope et al. (2010) investigated intraspecific phylogeny of the S. minutissimus-S. yukonicus complex from various regions and demonstrated higher genetic diversity in Fennoscandia population than those from eastern Eurasia, based on the mitochondrial cytochrome b and 2 nuclear genes, as in Ohdachi (2007) . However, in the analysis of Hope et al. (2010) , the number of samples from central part of Eurasia is not enough and the sequence data used were of genes of slow evolutionary rate, which may be insufficient for full understanding of intraspecific relationships.
In this paper, we investigated intraspecific phylogeny of the S. minutissimus-yukonicus complex, using samples from more regions in Eurasia, based on nucleotide sequences of mitochondrial cytochrome b gene and the control region (D-loop) . Evolutionary rate of the control region is higher than that of the cytochrome b gene in general since it includes hypervariable area and tandem repeats (Stewart and Baker 1994) . However, because the data of S. yukonicus in Alaska were cited from Hope et al. (2010) , no sequences of the control region for S. yukonicus were included in the present analysis (Appendix). Then, we discussed the diversification process of the S. minutissimus-S. yukonicus complex in the Holarctic region. Phylogeographic pattern was also compared between the S. minutissimus-S. yukonicus complex (or S. minutissimus-S. hosonoi group) and other Holarctic or trans-Eurasian species (or species group), the Sorex caecutiens-S. shinto group and Sorex tundrensis, to investigate the difference in biogeographic history among these wide-ranged shrews.
Materials and methods

Shrews examined
Seventy one individuals of Sorex minutissimus were collected from various locations of Eurasia in the present study ( Fig. 1 and Appendix). In addition, 69 individuals of S. minutissimus and S. yukonicus used in Ohdachi et al. (2001) and Hope et al. (2010) were included in the present analysis. Totally, 140 individuals of the S. minutissimus-yukonicus complex were used (note that numbers of individuals examined varies depending on data set). These shrews were collected from 72 localities in northern Eurasia and Alaska ( Fig. 1 and Appendix) (note that capture location of FiKo and FiNa from Kuivaniemi, Finland was regarded as the same because the sampling locations are very close). One individual of Sorex hosonoi Imaizumi, 1954 was used for an outgroup, when needed. Most specimens used were preserved in Botanical Garden Museum, Hokkaido University (Sapporo, Japan), NPO En-no-mori (Hamanaka-cho, Japan), University of Helsinki (Helsinki, Finland), Institute of Biological Problems of the North (Magadan, Russia), Zoological Institute Russian Academy of Sciences (Saint-Petersburg, Russia), and Institute of General and Experimental Biology (Ulan-Ude, Russia).
DNA sequencing
Sequencing was conducted following Ohdachi et al. (2006) for the mitochondrial cytochrome b gene (cytb). In addition to Ohdachi et al. (2006) , new primers were designed: 5'-CAACTACAGAAACATTTA-3' (position, L14747) and 5'-CACGAAACTGGCTCTAACAA-3' (L15366) for forward primers; 5'-AATTTTGTCTGCG TCTGAGGATA-3' (H15406) and 5'-TTACAAGACCA GTATAATGGTTATA-3' (H15927) for reverse primers. Here, position numbers are those corresponding for the 3' end of L and H strands of human mitochondrial genome (Anderson et al. 1981) . A whole 1,140 bp region of cytb was sequenced. Some sequence data in Ohdachi et al. (2001) were renewed in the present study.
The control region (D-loop) of mitochondrial genome was also sequenced. The primers for PCR (L16517 and H651) were cited from Fumagalli et al. (1996) . Schematic diagram of the amplified region of the control region of Sorex shrews was indicated in Fig. 2 . The sequencing condition and procedure were basically the same as in the mitochondrial cytochrome b gene by Ohdachi et al. (2006) . The total length of the PCR amplified region is approximately 1,100-1,200 bp, which largely varied among individuals depending on the number of the repeat motifs.
Phylogenetic analysis
Phylogenetic analysis was conducted using sequence data which were revealed in the present analysis and those cited from published elsewhere. See Appendix for sources of the nucleotide sequences. Note that the sequence of the control region for FiJo5 was completely different from others, and the repeat motif of the control region for FiJo14 was uncommon. Thus, the control region sequences of these two individuals were not used in the present analyses. Three data sets were prepared: the control region (Dloop), cytb, and combined data of the control region + cytb. For the combined data set, only individuals which had both the control region and cytb sequences were included (i.e., no missing data for the data set). Alignments of cytb sequences were straightforward because of lack of insertions/deletions. Including data cited from DNA data banks (DDBJ/GenBank/EMBL), the total lengths of cytb sequence used for analysis were 960-1,140 bp. The control region sequences composed of conservative regions near 5' and 3' ends and highlyvariable tandem repeat region in the middle part (Fig. 2) . Numbers of repeats were highly variable among individuals, and homology of each unit of repeats could not be warranted confidently. Therefore, the tandemly repeated region (except the first and last terminal motifs of the repeated region) was omitted in the analysis. Sequences of the control region were initially aligned using MAFFT ver. 6.857b (Katoh et al. 2005 ) and edited by eye according to the similarity criterion (Simmons 2004) . The region also includes indels, and poorly aligned regions were excluded from the analyses. As a result, the total length used in analysis of the control region was 751 bp including gaps.
We applied the maximum likelihood (ML) and Bayesian (BY) analyses to estimate the phylogenetic relationships. ML tree was searched using PAUP* 4.0b10 (Swofford 2002) . Heuristic search with TBR (tree bisection reconnection) branch swapping was performed with a neighbor joining (NJ) tree as a starting tree. Bootstrap support values were calculated by 100 replications of NNI (nearest neighbor interchange) branch swapping, each using an NJ tree as starting tree. Branch support values were also calculated using the parsimonybased bootstrapping, with TBR branch swapping. Thus, bootstrap values were calculated by ML and parsimony (PA) methods. For cytb and the combined data sets, number of maxtree was set to 1,000 for parsimony bootstrapping because of huge numbers of equally parsimonious trees were estimated from these data sets. Bayesian trees were searched using MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003). We performed 2 runs each with 4 chains for 10,000,000 generations and trees were sampled every 1,000 generations. First 5,000 trees were excluded for burn-in, and a 50% majority consensus tree was computed using the rest of trees to obtain Bayesian posterior probabilities. Best fit models for ML and BY searches were selected using the hierarchical likelihood ratio test as implemented in Modeltest ver. 3.7 (Posada and Crandall 1998) and MrModeltest ver. 2.3 (Nylander 2004) , respectively. For Bayesian analyses, data were subdivided into the following four categories (first, second and third codon positions of cytb and the control region), and different substitution model was applied for each category. Aligned sequences and list of the estimated models are available at http://insect3.agr. hokudai.ac.jp/psoco-web/sorex_minutissimus/.
In addition, we also estimated median joining (MJ) networks from the control region and cytb data set using SplitTree 4 (Huson and Bryant 2006) . No outgroup was used. Default setting was adopted to obtain the network with "Ignore Gaps setting". Thus, the total lengths of sequences used for the network were 960 bp for cytb and 723 bp excluding gaps for the control region.
Initial preliminary searches of all data set provided highly congruent tree concerning the ingroup topology. In contrast, position of the root was very unstable among the trees estimated from different data sets (root attached to Nad3 by analysis of control region and SahS3 by cytb analysis: original trees available online). Because of the following reasons, we considered the rooting position obtained from the combined data to be the most suitable, and this rooting position was forced to the analyses of the control region and cytb data sets: 1) the best tree obtained from the unconstrained analyses of the control region and cytb data provided an extremely asymmetrical tree with large differences in branch lengths (see online supplement); 2) mid-point rooting of the independent analyses of the ingroup trees placed roots at the exactly the same (cytb) or very close (i.e., next branch: the control region) positions with that estimated from the combined data set; 3) no significant decreases in -ln value were detected between unconstrained and constrained trees by AU-test (Shimodaira 2002 ) using CONSEL ver. 0.20 (Shimodaira and Hasegawa 2001) (P = 0.182 for cytb and 0.265 for the control region).
Genetic diversity
Haplotype diversity, nucleotide diversity π, and other related statics were calculated by DnaSP ver. 5 (Librado and Rozas 2009) . Three data sets, the mitochondrial control region, cytb, and combined data were separately used. Genetic diversity was calculated for 8 regional groups: S. yukonicus in Alaska (1-15), S. minutissimus from Kamchatka to Sakha (16-26), S. minutissimus in Primorye (27), S. minutissimus in Sakhalin (28-29), S. minutissimus in Hokkaido (30-38), S. minutissimus in Mongolia-Transbaikalia (39-46), S. minutissimus from Cisbaikalia to western Siberia (47-58), and S. minutissimus in Fennoscandia (59-71). Numbers in parentheses are location numbers (Fig. 1) . Demarkations of these groups were arbitrarily determined. Thus, note that these regional groups do not always correspond with those of clustering group in phylogenetic trees.
Results
Control region
The ML analysis of the control region data sets yielded a single most likely tree (-ln = 1973.65; root fixed) . Note that no samples from S. yukonicus in Alaska were included in this analysis because sequence data for the control region were not available for the species (Appendix).
The trees reconstructed by the ML and BY methods were fundamentally the same, except for topologies of terminal nodes. Therefore, the description of tree topology was based only on the ML tree (Fig. 3) .
Shrews from Hokkaido were grouped in a clade showing a little genetic diversity with high confidence in ML, BY and MP methods (Fig. 3) . Then, Hokkaido shrews clustered with those in Sakhalin with high confidence. All individuals from Primorye clustered together (Primorye Clade). Shrews from Central Siberia to Kamchatka Peninsula made a clade (Central SiberiaKamchatka Clade) with relatively high confidence (Fig.  3) . The shrews from Mongolia and Transbaikalia were not phylogenetically closed to Central Siberia-Kamchatka Clade (Fig. 3) , although Mongolia-Transbaikalia is geographically close to Central Siberia-Kamchatka. Shrews from Finland and Norway clustered in a clade, but the confidence of the ML method was less than 50% (Fig. 3) . In this clade, one individual from northern western Siberia (Nad1: location #57) was also included (Fennoscandia-Western Siberia Clade). One individual from Tuva Republic (Tuv1; location #51) was closely posited with two western Siberian shrews (Nad2 and Nad3), while another one from Tuva Republic (Tuv2; location #51') was included in Central Siberia-Kamchatka Clade (Fig. 3) .
The topology of the MJ network (Fig. 4 ) was basically congruent with that of the ML tree (Fig. 3) . In the network, an individual from Transbaikalia (Zab1; location #45) was located in the center. Then, shrews from Mongolia and Buryatia Republic were connected to Zab1 (Fig. 4) . 
Cytochrome b gene
The ML analysis of cytb data set yielded 38 equally likely trees (-ln = 3269.74; root was fixed). However, they only differed in rearrangements of closely placed terminal branches and only one representative tree was shown (Fig. 5) .
Shrews from Hokkaido and Sakhalin were clustered into one clade, (Hokkaido-Sakhalin Clade) and the shrews from Sakhalin were included in a clade of Hokkaido (Fig. 5) . Monophyly of the individuals from Primorye was strongly supported (Primorye Clade). Then, Primorye Clade was clustered with HokkaidoSakhalin Clade with relatively high confidence (Maritime Northeast Asia Clade). Monophyly of Sorex yukonicus in Alaska was supported in the MP and BY analyses but less than 50% in the ML method (Fig. 5) . Further, S. yukonicus made a clade with shrews from eastern Siberia to Kamchatka although the supporting value of the ML analysis was less than 50% (Eastern Siberia-Alaska Clade). Monophyly of Fennoscandian shrews was supported only by the BY analysis. Finnish shrews were divided into at least two groups (southeastern and northeastern parts of Finland). Some individuals from western and central Siberia (Nov, Tom, and Nad1) were located in Southeastern Finland Clade (Fig. 5) . In addition, one individual (FiEn; location #66) in southeastern Finland was included in Central-Northern FinlandNorthern Norway Clade.
The branching patterns of the MJ network based on cytb (Fig. 6 ) are basically similar to those of the ML tree (Fig. 5) . Unlike the ML tree, however, Sorex yukonicus was not closely situated with S. minutissimus from eastern Siberia and Kamchatka. Sorex yukonicus was rather closed to S. minutissimus from western Eurasia in the MJ network (Fig. 6) .
The combined data
The ML analysis of combined cytb and the control region data sets yielded a single most likely tree (-ln = 4753.15). Note that no samples from S. yukonicus in Alaska were included in this analysis because sequence data for the control region were not available (Appendix), and that the root was not fixed in this analysis (Fig. 7) .
When S. hosonoi is an outgroup, monophyly of Western Eurasia Clade, which consists of all Fennoscandian shrews, 2 shrews from western Siberia (Nad2 and Nad3) and 1 from central Siberia (Tuv1), was strongly supported (Fig. 7) . However, monophyly of Eastern Eur- asia Clade was supported with low confidence (Fig. 7) . Within Eastern Eurasia Clade, monophyly of HokkaidoSakhalin Clade and Primorye Clade was recognized without ambiguity. In addition, shrews from Sakhalin were paraphyletic (Fig. 7) . Two individuals from Tuva Republic (location #51 and 51') were divided into Eastern Eurasia (Tuv2) and Western Eurasia (Tuv1) Clades although they captured from nearby sites (Fig. 1) .
Genetic diversity
Nucleotide diversity (π) of cytb of the Alaskan population was rather low (Table 1) . Nucleotide diversity of the shrews in Hokkaido (including Kunashiri and Kenbokki Islands) in all 3 data sets was lowest among the 8 regional groups. Shrews from Primorye also had small nucleotide diversity. Three regional groups (Kamchatka-Sakha, Sakhalin, and Mongolia-Transbaikalia) in eastern Eurasia tended to have medium nucleotide diversity (Table 1) . In contrast, shrews from Cisbaikalia-western Siberia and Fennoscandia had high nucleotide diversity in all 3 data sets.
Discussion
Phylogenetic and taxonomic status of S. yukonicus
The phylogenetic tree based on the mitochondrial cytochrome b (cytb) gene supported a monophyly of S. yukonicus in Alaska in MP and BY methods (Fig. 5) as in Hope et al. (2010) . Hope et al. (2010) , then, showed based on cytb that S. yukonicus in Alaska was clustered with S. minutissimus from Siberia, not with those from Maritime Northeast Asia (Hokkaido, Sakhalin, and Primorye), and with S. minutissimus both from Siberia and Maritime Northeast Asia based on nuclear apolipoprotein B (ApoB). In the present study (Fig. 5) , S. yukonicus in Alaska were clustered with eastern Siberian S. minutissimus.
The shrews in Alaska had low nucleotide diversity, considering sampling area (Table 1) . This is probably caused by a bottleneck event during the transcontinental immigration from Eurasia to North America at the Last Glacial Maximum, as Hope et al. (2010) suggested. The MJ network (Fig. 5 ) also implies a single ancestor (haplotype) of the shrews in Alaska. We support the taxonomic treatment for S. yukonicus by Hope et al. (2010) ; it should be a subspecies or a local population of S. minutissimus in Alaska. Sorex yukonicus, certainly, makes a monophyletic group and is phylogenetically closed to S. minutissimus in eastern Eurasia ( Fig. 5; Hope et al. 2010) . However, S. minutissimus Fig. 7 . Maximum likelihood tree of Sorex minutissimus based on combined nucleotide sequences (1,891 bp including gaps) of the mitochondrial cytochrome b and the control region genes. Numbers near nodes indicate bootstrap values (>50%) for the maximum likelihood analysis, the maximum parsimony analysis, and Baysian posterior probabilities, respectively. Bootstrap values were calculated by 100 replications. Sorex hosonoi is the outgroup (the position is not fixed). *: nodes with confidence less than 50%. Location numbers in each group are indicated in parentheses; the numbers correspond with those in Fig. 1 and Appendix. SD = standar deviation. NA = not applicable. Note that the regional groups do not always corresponds with those of phylogenetic clusters.
in eastern Eurasia formed a monophyletic group different from western Eurasian group (Figs. 5 and 7; Hope et al. 2010 ). This means S. minutissimus is paraphyletic when S. yukonicus is regarded as an independent species. It is needed to make a final decision of the taxonomic status of S. yukonicus to compare genetic, karyological (Zima et al. 1998; Moribe 2011 ) and morphological (Dokuchaev 1997; Il'yashenko and Onishchenko 2003) features using more individuals from European part of Russia and Northwest China, and Chukotka (Andreev et al. 2006) , the easternmost part of Eurasia, with the shrews from Alaska.
Shrews in Maritime Northeast Asia and MongoliaTransbaikalia
In the present analysis of cytb (Fig. 5) , monophyly of shrews from Maritime Northeast Asia (Hokkaido, Sakhalin, and Primorye) was supported by ML, MP, and BY methods, but not in the control region data set by ML and MP methods (Fig. 3) and the combined data set by the 3 methods (Fig. 7) .
Shrews from Hokkaido and Sakhalin (= Karafuto) were included in a monophyletic group in the 3 data sets and shrews in Hokkaido and Sakhalin were genetically close to each other (Figs. 3, 5, and 7) . In addition, the MJ networks (Figs. 4 and 6 ) demonstrated that individuals from Hokkaido and Sakhalin were clustered in vicinity. However, the phylogenetic positions of Sakhalin shrews are not straightforward; in the 3 data sets, Sakhalin shrews did not make a monophyletic group and are paraphyletic (Figs. 3, 5, and 7) . Based on the data sets of the control region and the combined sequence (Figs. 3 and 7) , it is the parsimonious interpretation that Hokkaido shrews were derived from Sakhalin population. However, additional samples from Sakhalin are needed to estimate the more exact evolutionary relationship between the populations in Hokkaido and Sakhalin.
In the present study, shrews from Transbaikalia (including one shrew in northwestern Amur region) to Mongolia (except for one shrew from central Mongolia; location #40) made a monophyletic group except for ML method of the control region (Figs. 3, 5, and 7) . Although this region borders on central Siberia and on eastern Siberia (Fig. 1) , the phylogenetic positions of the shrews from the latter two regions did not always closed to the clade in Mongolia-Transbaikalia (Fig. 3, 5, and 7) . In addition, the MJ network of cytb (Fig. 6) implies that shrews of Mongolia-Transbaikalia Clade might have recently derived from a single ancestor.
Refugia and movement of shrews in Fennoscandia and western-central Siberia
Monophyly of Fennoscandian shrews was basically supported in the 3 data sets (Figs. 3, 5, and 7) . Hope et al. (2010) certified the monophyly of European shrews based on cytb and ApoB genes. Furthermore, the MJ networks based on the control region (Fig. 4) and cytb (Fig. 6) showed that Fennoscandian shrews were grouped together with some shrews from central and western Siberia.
In the present study, S. minutissimus from western Eurasia was monophyletic (Western Eurasia Clade) with high confidence in the combined data set (Fig. 7) , and monophyly of S. minutissimus from eastern Eurasia was fundamentally supported by MP and BY methods (Eastern Eurasia Clade). However, 4 individuals (Nad1-3 and Tuv1) in Western Eurasia Clade were from western and central Siberia (Fig. 7) .
Two shrews from Tuva Republic (Tuv1 and Tuv2, location #51 and 51') were located very distantly in the phylogenetic trees (Figs. 3, 5, and 7) ; one was included in Eastern Eurasia Clade whereas the other was in Western Eurasia Clade (Fig. 7) . Likewise, one individual from Nadym (Nad1, location #57) in northwestern Siberia was included in a clade with shrews in southeastern Finland although the other two (Nad2 and Nad3) made a clade with those from western to central Siberia (Figs. 3, 5, and 7) . Likewise, two shrews (Alt1 and Alt2) from Altai region (location #49) were phylogenetically distantly located based on cytb (Fig. 5) . These facts imply that some shrews in western-central Siberia and Finland moved in a long-distance after ice sheets began to retreat. Most individuals from southeastern Finland were included in a clade (Southeastern Finland Clade) but one individual of southeastern Finland (FiEn; location #66) was grouped with those from central-northern Finland (Central-northern Finland and Northern Norway Clade), based on cytb gene (Fig. 5) . Besides, the shrews from the west of Baikal Lake and Fennoscandia had higher genetic diversity than those from regions of the eastern Eurasia and Alaska (Table 1 ). The high diversity in the west of Baikal Lake is attributed to the co-existence of individuals from several genetically distant clades, while that in Fennoscandia is to high diversification among individuals there (Figs. 3, 5 and 7) .
In the Last Glacial Maximum, northern Europe and northern North America (except northwestern Alaska) were covered with huge ice sheets whereas Northeast Asia and Alaska were not (CLIMAP Project Members 1976; Grosswald and Hughes 1995; Mangerud et al. 2004; Peltier 2004; Clark et al. 2009 ). Thus, many small land mammals in Europe and North America were once extinct and retreated into various refugia in the last glacial age and recolonised after warming (Blondel and Vigne 1993; Runck and Cook 2005; Schmitt 2007; Lomolino et al. 2010) . Meanwhile, there existed a land bridge in Bering Sea, and terrestrial animals could immigrate between Eurasia and North America (Repenning 1967; Vangengeim 1967) .
In the case of S. minutissimus, following biogeographic scenario can be considered. At the Last Glacial Maximum, shrews in Fennoscandia and northern Siberia might have retreated to the southern or eastern regions where ice sheets were not covered, and they were genetically diverged there during the retreat. After the Last Glacial Maximum, S. minutissimus reimmigrated from somewhere in southern areas into Fennoscandia and northwestern Siberia (e.g., Nadym, location #57). The refugia of the shrews in central-northern Finland and Norway seem to be different from those of southeastern Finland because shrews of these regions were divided into two clades (Fig. 5) . Some shrews in western and central Siberia were sometimes phylogenetically distantly located even when they were collected from the same or nearby sites, as observed in Alt1 vs. Alt2, Tuv1 vs. Tuv2, and Nad1 vs. Nad2&3 (Figs. 3, 5, and 7) . In addition, several individuals from western Siberia (Nov. Tom, and Nad1) were included in Southeastern Finland Clade (Fig. 5) . Thus, shrews from central Siberia to Fennoscandia might have moved from several refugia in southern and/or eastern regions. Hope et al. (2010) inferred that some refugia existed in Carpathian Black Sea or Caucasian region, based on the ecological niche modeling. Moreover, Ukkonen (2001) suggested that there might have been some patchy refugia for small mammals in Fennoscandia even at the Last Glacial Maximum, most part of which was covered with continental ice sheets. In addition, fossils of S. minutissimus in the Late Pleistocene were found from Austria, France, Germany, Poland, and Slovakia (RzebikKowalska 1998). Thus, S. minutissimus probably stayed in many patchy refugia in Fennoscandia and the central part of Europe. Small body size of S. minutissimus could have maintained populations in such small patchy "poor" habitats (Sheftel and Hanski 2002; Sheftel 2005) .
Genetic status of the shrews of European part of Russia and the isolated population of S. minutissimus in southern Norway (Mitchell-Jones et al. 1992) has to be analysed to infer the recolonisation route to Fennoscandia. Further, exact dating and morphological reexamination of fossils of S. minutissimus excaved from Central Europe (Rzebik-Kowalska 1998) and surveys of fossils in Black Sea-Caucasian region at the Last Glacial Maximum will help to estimate to specify the locations of refugia.
Comparison of phylogeography with S. caecutiens and S. tundrensis
The S. minutissimus-S. hosonoi group showed a distributional pattern similar to the S. caecutiens-shinto group. Sorex caecutiens Laxmann, 1788 is a Palearctic species and ranges widely from Chukotka, via Kamchatka, Korea, Hokkaido, Sakhalin and Siberia, to Norway, and its sister species, S. shinto Thomas, 1905 occurs in mountainous regions in Hondo (Honshu, Shikoku, and Sado Islands) of Japan (Ohdachi et al. 2001 (Ohdachi et al. , 2003 . Sorex minutissimus ranges throughout northern Eurasia, from Chukotka to Norway (and in Alaska if S. yukonicus is included in S. minutissimus) whereas its sister species, S. hosonoi, Imaizumi 1954 is restricted to higher regions of central Honshu, Japan (Hope et al. 2010; , although S. hosonoi was distributed in wider area of Honshu in the Middle Pleistocene .
Sorex caecutiens has small genetic variation based on cytb sequence from Kamchatka, via Sakhalin, North Korea and Siberia, to Finland, and the population in Hokkaido was first branched in a deep position of the phylogenetic tree (Ohdachi et al. 2001 (Ohdachi et al. , 2003 Ohdachi 2008) . Sorex caecutiens from the Eurasian Continent (including Sakhalin) were included in a monophyletic group with ambiguous regional diversification, and there was a deep phylogenetic gap between shrews from Hokkaido and Sakhalin. In contrast, S. minutissimus (and S. yukonicus) showed several well-diverged phylogroups in Eurasia and Alaska (Figs. 3-7; Hope et al. 2010) ; especially, at least eastern and western populations are definitely separated. Further, S. minutissimus from Hokkaido and Sakhalin are genetically similar to each other (Figs. 3, 5, and 7) .
Therefore, it could be presumed that ancestors of S. minutissimus fled to various refugia in the southern part of Europe (and maybe in patchy small refugia in Fennoscandia) and eastern Eurasia at the Last Glacial Maximum, whereas S. caecutiens retreated to the southern part of continental East Asia and Hokkaido (Ohdachi 2008) . When ice sheets began to shrink after the Last Glacial Maximum, S. minutissimus re-colonised into Fennoscandia-northern Siberia from the various refugia while S. caecutiens spread throughout the Eurasian Continent from East Asia in a short time. In addition, it is inferred that S. minutissimus (= S. yukonicus) immigrated from eastern Siberia to Alaska around the Last Glacial Maximum when the Bering Strait was closed.
Sorex tundrensis Merriam, 1900 also has a Holarctic distribution similar to that of the S. minutissimus-S. yukonicus complex, although S. tundrensis does not occur in western Russia and Fennoscandia (Bannikova et al. 2010; Hope et al. 2011) . Sorex tundrensis in Alaska is monophyletic (Bannikova et al. 2010; Hope et al. 2011) , as in S. yukonicus in Alaska (Hope et al. 2010 ; Fig. 5 ). However, unlike S. yukonicus in Alaska, which is clustered with S. mimutissimus in eastern Eurasia (Hope et al. 2010 ; MP and BY methods in Fig. 5 ), the close connection of S. tundrensis in Alaska with those in eastern Eurasia was not significantly supported (Bannikova et al. 2010; Hope et al. 2011 ). This suggests that divergence period between Eurasian and Alaskan populations should be different between the S. minutissimus-S. yukonicus complex and S. tundrensis, but further comparison using more genetic information is needed to reveal the difference in divergence time between the two shrews.
Shortly summarized, although the S. minutissimus-S. hosonoi group has a similar geographical range to the S. caecutiens-S. shinto group and S. tundrensis, biogeographic history seems to be quite different among them. For further understanding of the process of community formation of the soricine shrew in Eurasia, it is needed to compare phylogeography of other transcontinental species in Eurasia, such as Sorex isodon Turov, 1924, S. daphaenodon Thomas, 1907 
